Abstract: Kinetic resolution of racemic compounds is a familiar method for the preparation of optically active compounds. However, an inevitable and critical drawback from the point of view of green chemistry is the consequent wastage of half of the starting compound. A catalytic asymmetric synthesis of 5-arylcyclohex-2-enones was developed starting from racemic 5-(trimethylsilyl)cyclohex-2-enone, which overcomes the drawback of kinetic resolution. A chiral amidophosphane-or BINAP-Rh(I)-catalyzed asymmetric conjugate arylation of racemic 5-(trimethylsilyl)cyclohex-2-enone with arylboronic acids in dioxane-water (10:1) afforded trans-and cis-3-aryl-5-(trimethylsilyl)cyclohexanones in reasonably high enantioselectivity. Dehydrosilylation of the product mixture with Cu(II) chloride in dimethylformamide (DMF) gave 5-arylcyclohex-2-enones with up to 93 % ee in high yield. Enantiofacial selectivity with chiral phosphane-Rh(I) overrides the trans-diastereoselectivity that is maintained in the achiral or racemic phosphane-Rh(I)-catalyzed conjugate arylation of 5-(trimethylsilyl)cyclohex-2-enone.
INTRODUCTION
Chiral substituted cyclohexenones have been utilized as versatile building blocks for the synthesis of biologically potent compounds [1] . Although the derivation of naturally occurring compounds [2] and asymmetric synthesis of their precursors [3] have been developed for the synthesis of these chiral cyclohexenones, kinetic resolution of racemic substituted cyclohexenones, for example, racemic 1 to 2, by the catalytic asymmetric reactions [4] including enzymatic reactions [5] has been the most reliable method, resulting in the recovery of a nearly pure enantiomer (Scheme 1). By the criteria of green chemistry, however, kinetic resolution involves an inevitable and potentially fatal disadvantage, arising from wastage of half of the starting material 3. Furthermore, careful control of the reaction progress is necessary to maximize the recovery of the desired starting material 2. Since the enantioenriched 5-(trimethylsilyl)cyclohex-2-enone 5 itself has been the choice of chiral starting material for the stereoselective transformation to 5-substituted cyclohex-2-enones 2, 5 has been the target of kinetic resolution [4a,f,5a] . We describe herein the straightforward asymmetric synthesis of 5-arylcyclohex-2-enones 2 with high ee from racemic 5-(trimethylsilyl)cyclohex-2-enone 4 via chiral phosphane-Rh(I)-catalyzed conjugate arylation [6, 7] and subsequent oxidative dehydrosilylation of the product mixture (Scheme 2) [8] .
If the enantiofacial control of a chiral catalyst, favoring re-face addition, is operative in the reaction of racemic 4, undesired 6 is produced and desired 5 is recoverable unchanged because re-face attack to 5 gives cis-diastereomer [4, 5] . This principle of kinetic resolution relies on the substrate-controlled trans-selective conjugate addition [9] to 5-substituted cyclohex-2-enones [2a,10] . On the other hand, if the enantiofacial control by a chiral catalyst overrides the substrate-controlled trans-selective conjugate addition, trans-7 and cis-8 are the products that have the same absolute configuration at the newly created chiral centers (Scheme 2). Subsequent dehydrosilylation [4f,5a] thereof gives 5-substituted cyclohex-2-enones 2 with high ee in ideally quantitative yield, completing an asymmetric synthesis of 2 from racemic 4. This two-step asymmetric synthesis protocol is apparently superior to kinetic resolution.
SUBSTRATE-CONTROLLED TRANS-SELECTIVITY BY ACHIRAL OR RACEMIC PHOSPHANE-Rh(I) CATALYST
The trans-diastereoselectivity by the substrate control was confirmed by the dppb-[RhCl(C 2 H 4 ) 2 ] 2 -KOH catalyzed Miyaura arylation [11] of racemic 4 [4f] with phenylboronic acid in dioxane-water at 100 °C, giving a racemic mixture of trans-7a (Ar = Ph) and cis-8a (Ar = Ph) in 57 % yield, favoring 7a (91:9), and thereby indicating that trans-diastereoselectivity is operative in the Rh(I)-catalyzed phenylation of 4 (Scheme 3). With rac-BINAP in place of dppb, the same substrate control was observed to give mixture in 90 % yield, favoring trans-addition (89:11). 
CHIRAL PHOSPHANE-Rh(I) CATALYST-CONTROLLED ENANTIOFACIAL SELECTIVITY OVERRIDING SUBSTRATE CONTROL
We anticipated that the high enantioselectivity of up to 97 % ee observed with an amidophosphane 9a-Rh(I) catalyst in the conjugate arylation of cyclohex-2-enone 10 (Scheme 4) [12] would override the trans-diastereoselectivity, providing a mixture of 7 and 8, both with high ee. It was very pleasing to find that the reaction of racemic 5-phenylcyclohex-2-enone 12 with phenylboronic acid under catalysis by chiral 9a-Rh (I) gave a 58:42 mixture of trans-13 with 82 % ee and meso-cis-14 in 92 % yield, indicating that chiral catalyst-controlled enantiofacial selection overrides the substrate-controlled transdiastereoselectivity (Scheme 5). It is also important to note that the rac-BINAP-Rh(I) catalyst gave a racemic mixture of 13 and 14, favoring trans-addition (87:13), and thereby indicating that substratecontrolled trans-selectivity is still operative.
